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Abstract
To determine the ability of CT colonography to detect and characterize the normal appendix in adults. A total of 55 patients with CT
colonography examinations are analyzed. Each observer detected an appendix in 48 cases (87%), with high interobserver concordance
(kappaZ0.679). The appendiceal diameter varied from 3 to 12 mm (mean 6.2 mm) with wall thickness uniformly 1 mm or less. Gas filled at
least part of the appendiceal lumen in 37 cases (67%), more frequently in the prone position. Appendicoliths and periappendiceal stranding
were seen in 2 and 1% of cases, respectively. An appendix can be reliably identified in approximately 87% of normal adults using CO2-
insufflation CT colonography.
q 2004 Elsevier Ltd. All rights reserved.
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To determine the ability of CT colonography to detect
and characterize the normal appendix in adults.
During a one-year period, 99 consecutive asymptomatic
patients were referred to our institution for polyp screening
using CT colonography. All studies were performed on a
GE LightSpeed scanner using 5-mm-thick sections in both
the prone and supine positions following CO2 insufflation.
After retrospective chart review, 44 subjects were excluded
because of a history of right lower quadrant pain or prior
appendectomy, leaving 55 patients (35 men and 20 women,
mean age 61 years) with CT colonography examinations to
analyze. Two experienced abdominal radiologists indepen-
dently reviewed each scan with the goals of determining
whether an appendix could be visualized, and if visualized,
its spectrum of imaging appearances.
Each observer detected an appendix in 48/55 cases
(87%), with high interobserver concordance (kappaZ
0.679). There was no significant difference in detectability
of the appendix according to patients’ position (supine vs.
prone). The appendiceal diameter varied from 3 to 12 mm1572-3496/$ - see front matter q 2004 Elsevier Ltd. All rights reserved.
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1 mm or less. Gas filled at least part of the appendiceal
lumen in 37/55 cases (67%), more frequently in the prone
position. Appendicoliths and periappendiceal stranding
were seen in 2 and 1% of cases, respectively.
An appendix can be reliably identified in approximately
87% of normal adults using CO2-insufflation CT colono-
graphy. The presence of air within the lumen, a thin wall,
and lack of periappendiceal stranding all suggest that an
appendix is normal.
CT colonography is becoming an increasingly important
radiographic technique for the evaluation of the abdomen
both in symptomatic and asymptomatic patients [1–4].
Because diseases of the appendix account for an appreciable
fraction of patients with abdominal pain and gastrointestinal
tract symptoms, accurate recognition and characterization
of this structure by imaging is important [5–13]. The
purpose of our study was to determine the ability of CT
colonography to allow detection and characterization of the
normal appendix.2. Materials and methods
Between January 1st and December 31st, 2001, 99
consecutive patients were referred to our institution forCMIG Extra: Cases 28 (2004) 63–67www.elsevier.com/locate/compmedimag
Fig. 1. (A) Supine axial CT colonography shows normal appendix (arrow)
in cross-section. Air and fluid within appendix with thin wall, normal
surrounding fat, but enlarged diameter (10 mm). (B) Prone axial CT
colonography shows air filled origin (arrow) of normal appendix, thin wall
easily appreciated.
C.E. Barnes et al. / CMIG Extra: Cases 28 (2004) 63–6764polyp screening and surveillance using CT colonography.
No patient was symptomatic at the time of the study,
although after retrospective chart review, 44 patients were
excluded because of a history of right lower quadrant pain or
prior appendectomy. The remaining subject population
therefore comprised 55 patients (35 men and 20 women)
without clinical suspicion of current of previous appendi-
ceal disease. The age of these patients ranged from 50 to 80
years (mean age, 61 years). An institutional review board
approval for the retrospective review was not required
because patients’ information could not be directly
identified.
All studies were performed on GE LightSpeed (GE
Medical Systems, Milwaukee, WI) scanner. Following
insufflation of the colon with CO2 gas, 5-mm-thick
sections were obtained in both the prone and supine
positions using a 120 kV and 160 mA s. The images were
stored and reviewed in full DICOM format on an Agfa
IMPAX PACS (Agfa HealthCare, Mortsel, Belgium)
providing electronic cursors for measurements and the
ability to continuously adjust window and level settings
on the images. Two experienced abdominal radiologists
blindly and independently reviewed each scan with the
goals of determining whether an appendix could be
visualized, and if visualized, its spectrum of imaging
appearances.
Each reader independently evaluated the appendices in
two patient positions (supine and prone), then considered
the information using the two positions together. Each
reader therefore scored two examinations in each of the
55 patients, for a total of 110 examinations evaluated.Fig. 2. Prone axial CT colonography shows long section of dilated (11 mm)
air filled appendix (arrow).
C.E. Barnes et al. / CMIG Extra: Cases 28 (2004) 63–67 65Inter-reader variability for detection of the appendix was
assessed on the data sets using the Cohen kappa statistic.
The characteristics of each appendix, such as diameter,
wall thickness, and presence of gas in the cecum or
appendix, presence of periappendiceal stranding or
appendicolith, and the position of the appendix (as pelvic,
retrocecal, medial, lateral or anterior) in relation to the
cecum were recorded. The position of the cecum was
recorded as mid upper pelvis when the cecum was
overlying the upper sacrum. The position of the cecum
was tallied as lower pelvis when the cecum was located
below sacroiliac joint.3. Results
Reader 1 detected an appendix on 82% of supine
views, 85% of prone views, and in 48/55 (87%) of cases
when both views were considered together. Reader 2
detected an appendix on 85% of both prone and supine
views, and also in 48/55 (87%) of cases when both viewsFig. 3. (A) Supine axial CT shows the appendix (arrows) lateral to the
cecum, adjacent to iliac crest. (B) Prone axial CT shows the appendix
(arrow) along the medial aspect of the cecum in mid pelvis.were considered together. No appendix was identified by
either reviewer in 5/55 (9%) of cases. In two cases
(4%) only one of the two readers detected an appendix.
Considering the complete set of 110 prone and supine
examinations, the readers were in agreement that
an appendix could be identified in 101/110 (92%) of
the views evaluated. In the remaining 9/110 views (8%),
the readers disagreed about whether an appendix was
visible. In spite of these slight discrepancies, these results
suggest a high interobserver concordance in detecting the
appendix using CT colonography (kappaZ0.679).
The diameter of the appendix at CT colonography
ranged from 3 to 12 mm (6.2 mm), with most in the range
of 4–8 mm (Figs. 1 and 2). In 51/55 cases (93%),
diameters of the appendix measured in supine view were
within 2 mm of the diameters measured on the prone
views. In every case, appendiceal wall thickness was less
than 1 mm.
In the supine position, appendiceal position was reported
as pelvic (32%), retrocecal (28%), medial (20%), lateral
(5%), or anterior (1%). In four cases, appendiceal position
changed between the supine and prone positions (Fig. 3).
The position of the cecum was reported as right lower
quadrant (81%), mid-upper pelvis (8%), low pelvis (8%),
right upper quadrant (3%). In 97% of cases, the cecum lay
inferior to the lower pole of the right kidney.Fig. 4. Supine axial CT colonography shows appendix (arrowhead) in
cross-section fluid filled with local periappendiceal stranding (arrow).
Findings in proper clinical setting may be secondary to appendicitis. This
patient was asymptomatic. The appendix was partially air filled distal to
area shown in this image.
C.E. Barnes et al. / CMIG Extra: Cases 28 (2004) 63–6766In those cases, where an appendix was identified, several
imaging features were tabulated. Gas filled all or part of the
lumen of the appendix in 67%. (By comparison, the cecum
was distended with gas in 86% of patients.) Gas was more
likely to be present in the appendix in the prone position
than supine (64–71 vs. 40–53%). Periappendiceal fat was
noted in 88% of cases. An appendicolith was present in 2%,
and periappendiceal stranding was noted in 1% (Fig. 4).4. Discussion
Diseases of the appendix, especially appendicitis, are
often responsible for both acute and chronic abdominal pain
both in children and adults. Conventional CT is the most
frequent imaging test used for evaluation of possible
appendicitis with sensitivities and specificities over 90%
reported in most series [6–10]. Without intraluminal colonic
contrast, visualization of the appendix using current CT
techniques is in the range of 52–75% [8]. Using dilute
barium, Rao et al. [9] successfully visualized the appendix
in 94% of cases. This compares favorably to our results with
gas, where the normal appendix was seen in 87%.
In the study of acute appendicitis in children by Applegate
et al. [11], air or contrast was seen to enter the normal
appendix on CT in 44 and 55% of cases, respectively. The
diameter of the normal appendix ranged from 2 to 10 mm
with 16% greater than 6 mm. Appendicolith was seen in 15%
with acute appendicitis and 2% of normals. Periappendiceal
stranding was observed in 64% of those with acute
appendicitis and 7% of the normals. These findings are all
in concert with our own, with differences perhaps relating to
patient selection, different radiographic technique, as well as
different aged populations in the two studies.
Gas in the appendix when seen to the tip has long been
recognized as an important sign to rule out appendicitis [14].
The converse, however, is not true. Lack of gas (or contrast)
in an appendix clearly does not imply an abnormality, as 33%
of our patients and 27% of the patients reported by Rao et al.
[9] had no air or contrast within normal appendices on CT.
In five cases, neither reader was able to detect an
appendix on either prone or supine CT views. Possibilities
include a hypoplastic or atrophic appendix, prior inflam-
matory change with fibrotic obliteration, remote ischemic
necrosis, or previous appendectomy unknown to the patient
or undocumented in the medical record.
In conclusion, CT colonography is capable of revealing
the normal appendix in a significant number of cases. Lack of
filling by air should not be construed as pathologic, as at least
one-third of normal appendices will not be found to distend.
Periappendiceal stranding and appendicolith are uncom-
monly seen in the normal appendix, but can be seen in a small
fraction of cases. Taken as a group, however, the presence of
air in the appendix, particularly when seen in the tip, wall
thickness less than 1 mm, and lack of periappendiceal
stranding appear to be characteristic findings in the normalappendix at CT colonography, which may potentially be
useful for the exclusion of inflammation.5. Summary
CT colonography is capable of revealing the normal
appendix in a significant number of cases. Lack of filling by
air should not be construed as pathologic, as at least one-
third of normal appendices will not be found to distend.
Periappendiceal stranding and appendicolith are uncom-
monly seen in the normal appendix, but can be seen in a
small fraction of cases. Taken as a group, however, the
presence of air in the appendix, particularly when seen in the
tip, wall thickness less than 1 mm, and lack of periappendi-
ceal stranding appear to be characteristic findings in the
normal appendix at CT colonography, which may poten-
tially be useful for the exclusion of inflammation.References
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